INTRODUCTION
Domestic cattle breeds can be separated into two major groups, no hump taurine (Bos taurus) and humped Zebu (Bos indicus). Although classical Linnean nomenclature distinguishes these as separate species, due to the clinal nature of the allozyme variability and complete interfertility, many authors consider both as subspecies (Manwell and Baker, 1980) . Moreover, although fossil evidence has suggested a single origin for both groups within the 10,000-year history of animal husbandry (Epstein, 1971; Epstein and Mason, 1984) , molecular clock evidence based on mitochondrial DNA sequence divergence in the displacement loop (D-loop) has more recently suggested two independent domestication events occurring at least 200,000 years ago (Loftus et al., 1994a) . Sequence polymorphisms among taurus and indicus breeds have also been detected in less variable regions of tRNA genes and in the origin of light strand replication (Pegoraro et al., 1996) .
Zebu cattle were first brought from India to the American continent at the beginning of the nineteenth century. It is believed that a total of approximately 7,000 animals were brought to South America by Brazilian breeders during several imports lasting until the 1960's (Santiago, 1972; Magnabosco, 1997) . While some females were included in shipments, most imported animals were males, which were mated to "native" Bos taurus cows originating in the Iberian Peninsula. The current registered population of Brazilian Zebu cattle subdivides into descendents of animals of imported origin (POI, purebred of imported origin) and those possibly derived locally by backcross matings to Zebu males. Mendelian segregation has purified the nuclear genotype of purebred origin (PO) animals to a point where they cannot be differentiated from the POI. However, cytoplasmic genes are generally inherited uniparentally and may be a significant source of polymorphism among this subspecies. As described early this century (Correns, 1909) , cytoplasmic inheritance is controlled mainly through the expression of genes contained within the mitochondrion inherited almost exclusively through maternal lineage in mammals (Hutchinson et al., 1974; Giles et al., 1980) . Bovine dairy and beef production traits have been shown to vary in different maternal lineages and likely originate from polymorphic mitochondrial genotypes (Tess et al., 1987; Brown et al., 1988; Schutz et al., 1993 Schutz et al., , 1994 Mannen et al., 1998) . We hypothesize that the Zebu cattle population in the Americas is now composed of two groups according to mtDNA content; we demonstrate here that, among three breeds analyzed, only one third contain indicus mtDNA. These results suggest that a large proportion of American Zebu matrilineages were derived by backcrossing "native" females of taurine B. taurus origin to bulls imported from the Indian continent carrying B. indicus mitochondrial genotypes.
MATERIAL AND METHODS
Animals with registered pedigrees from the Bos indicus breeds Nellore, Gyr and Brahman were chosen for this analysis. Animals from the Nellore and Gyr breeds are the most common breeds of Zebu cattle in South America and one of the first introduced whereas the Brahman breed is the most popular in North America. Both males and females were chosen for mtDNA analysis and all animals were grouped according to breed registry as 
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RESULTS AND DISCUSSION
A total of 124 animals of the Nellore, Gyr and Brahman breeds examined showed patterns of enzymatic restriction characteristic of either B. indicus or taurine mtDNA origin (Figure 1) . None of these animals showed patterns of both B. indicus and B. taurus mtDNA, indicating absence of heteroplasmy for these mitochondrial genotypes. On average 58% of the analyzed Nellore and Gyr breeds carried mtDNA of taurine origin, indicating significant influence of taurine breeds in the formation of South American Zebu breeds. The proportion of animals with B. taurus mtDNA among PO (79 vs. 73%, P > 0.05) and POI (26 vs. 25%, P > 0.05) did not differ among the Nellore and Gyr breeds, suggesting similar formation patterns in both breeds. Females of imported origin and their descendents should contain exclusively B. indicus mtDNA, suggesting pedigree recording errors in approximately one quarter of the Nellore and Gyr POI matrilineages. Brahman animals carried exclusively mtDNA of taurine origin, indicating that participation of B. indicus breeds in the formation of the analyzed animals was entirely through paternal genes (Table I) .
Among the markers used in this study only the loss of the HindIII restriction site leads to changes in amino 
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Nellore PO Nellore POI Gyr POI Φx HaeII digested Nellore PO Nellore POI Gyr POI located in the most variable region of the ND5 amino acid sequence, suggests that it does not influence mitochondrial function (Anderson et al., 1981 (Anderson et al., , 1982a Bibb et al., 1981) . Other polymorphisms present between indicus and taurus mtDNA could, however, influence energy supply to tissues due to changes in oxidative phosphorylation efficiency. Although this remains to be confirmed, the American Zebu breeds provide a unique opportunity for investigating participation of the cytoplasmic genome in production traits, since these breeds include animals with diverse mtDNA genotypes but similar nuclear genes. In this work we also identified phenotypically similar B. indicus animals carrying mtDNA of either B. indicus or B. taurus origin; we postulate that this polymorphism arose during the introduction and establishment of Zebu cattle breeds in America. Since only animals from elite breeders were used in this study, the 78% of the PO cattle carrying B. taurus mtDNA probably underestimates the contribution of taurine matrilineages to n.a. = Nonapplicable; PO = purebred origin; POI = purebred of imported origin.
acid sequence of a mitochondrial protein. The mutation was characterized as a T to G transversion in nucleotide 12178 that replaces a phenylalanine with a valine in the 24th amino acid of the ND5 subunit. This polymorphism, the American Zebu, and although as yet unconfirmed, contribution of taurine mtDNA to nonregistered commercial Zebu herds is likely to be significantly higher than in the purebred registered herds here assessed. These findings will enable further analyses of mitochondrial genotypes participation in production traits in American Zebu breeds.
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RESUMO
O continente americano foi colonizado no século XVI por europeus que fizeram as primeiras introduções de bovinos, de origem taurina. Os registros das primeiras importações de Zebus para a América do Sul datam do século XIX e continuam até o século XX, constituídos na maioria por machos do subcontinente indiano. Neste artigo, demonstramos, através dos estudos de polimorfismos no DNA mitocondrial (mtDNA), uma participação majoritária de matriarcas de origem taurina na formação do Zebu PO americano (79% dos animais analisados da raça Nelore, 73% na Gir e 100% na Brahman). Ainda, criamos um mapa de restrição com os polimorfismos descritos de três enzimas de restrição. Os resultados estão discutidos em termos da origem do Zebu americano e da aplicação deste conhecimento no estudo dos efeitos do genoma citoplasmático, nas características produtivas dos bovinos.
